Organotypic cultures of hamster cerebellum were exposed to the IP-3-Ca cell line, which contains a cell-associated subacute sclerosing panencephalitis agent. Central nervous system (CNS) cultures were examined by light and electron microscopy as well as standard virological techniques from 3 to 46 days postinfection. The results indicate that although viral nucleocapsid material was transferred to elements of the CNS, cell-free virus could not be detected by virological techniques and by electron microscopy, and budding viral particles were not observed. Attempts to recover cell-free virus from hamster CNS tissue exposed to IP-3-Ca cells were generally negative. However, 2% of the cultures yielded low levels of infectious virus. IP-3-Ca cells were able to transfer the cellassociated viral material to all cell types found in the CNS cultures and were capable of inducing polykaryocytes in the CNS cultures. The role of cell-associated virus-like agents in subacute sclerosing panencephalitis and other chronic CNS infections is discussed.
Numerous attempts to define the association between paramyxoviruses and certain chronic neurological disorders have involved studies of the specific relationship between measles virus and the human condition subacute sclerosing panencephalitis (SSPE), in which a latent infection of measles-like virus is implicated. With the aid of brain and lymph node biopsy tissue from this chronic, degenerative, and usually fatal disease of the central nervous system (CNS), several measles-like isolates have been derived by cocultivation techniques. Most of these agents are cell free, where infectious virus is readily liberated from cells (4, 8-10, 12, 13) , and at least two are cell associated, where infectious virus has not yet been demonstrated (3, 5) . Previous studies from our laboratories have examined the effects of several of the cellfree SSPE viruses in organotypic cultures of hamster cerebellar tissue (19) and compared the findings with earlier studies on the Edmonston strain of measles virus in the same system (7, 15) . In these cell-free viral systems, infectious virus was demonstratable by standard virological and morphological techniques, a situation not analogous to the SSPE patient, from whom infectious virus cannot be recovered directly, but where cocultivation techniques have been successful in recovering infectious virus from brain and lymph node tissues (4, 8, 9, 10, 12, 13) .
In a recent communication to this journal (3) , a cell line was described which was persistently infected with a defective measles virus derived from an SSPE brain biopsy. Using the same cell-associated SSPE agent (IP-3-Ca cell line) to infect organized cultures of CNS tissue, the present study reports results which appear to be more analogous to human SSPE. Morphological and virological examinations have shown that although transfer of viral nucleocapsid from IP-3-Ca cells to cultured hamster cerebellar tissue occurred, budding virus particles were not observed and infectious, cell-free virus was recovered from only 2% of the cultures.
MATERIALS AND METHODS
Virus. The biological and virological properties of IP-3-Ca cells have been described previously (3 Fuller details of the methods are described elsewhere (14) .
RESULTS

Morphological and virological findings. (i) IP-3-Ca cells. Light microscopy of pelleted IP-
3-Ca cells, using 1-,um toluidine blue-stained sections, revealed numerous intracytoplasmic and intranuclear viral inclusions. No syncytia were evident. By electron microscopy, intranuclear inclusions were made up of loose accumulations of smooth 16-to 18-nm tubular nucleocapsids, clearly distinguishable from nucleochromatin and identical to those shown in CNS cultures. Occasionally, peculiar arrangements of intranuclear nucleocapsids, so far not described during myxovirus infections, were seen. These occurred as paracrystalline arrays with individual nucleocapsids separated by an additional filamentous structure, approximately 7.5 nm across ( Fig. 1 and 2 ). In longitudinal section, this was seen as a continuous electron-dense margin along each nucleocapsid. Cross-striations were evident along many nucleocapsids, a feature indicative of a helical form. Intracytoplasmic viral inclusions consisted of haphazardly arranged collections of nucleocapsids embedded in a granular matrix. The intracytoplasmic nucleocapsids of the IP-3-Ca cell line differed from the situation after Edmonston measles (14) or cell-free SSPE virus infection in vitro (17) . Instead of the usually dense granular coating surrounding each nucleocapsid, the coating was more diffuse, thus rendering the helically coiled filament more visible (see Fig. 9 did yield very low levels of virus, 5 x 101 and 1 x 102 PFU/ml, but these represented only 3% of the 70 samples titrated. Thus, in the majority of cases, infectious virus derived from IP-3-Ca cells was not isolated. In the living state, cultures of hamster cerebellum inoculated with single-cell suspensions of IP-3-Ca cells showed various patterns of cell damage. By 10 days postinoculation (DPI), myelin sheaths showed ballooning and crenations, and by 18 DPI were no longer visible. Also by 18 DPI, Purkinje cells lost their cellular definition and displayed prominent, enlarged, and misshapen nucleoli, a manifestation typical of measles virus infection of cultured nervous tissue (16) . Within the explant as well as in the outgrowth zone, giant cells were observed as a constant cytopathic feature from 3 to 49 DPI. By 21 DPI, most cultures had lost their structural integrity and had deteriorated to a flattened mass of fibrous astrocytes. Only rarely was a Purkinje cell or myelinated axon seen. Acute CPE followed by the degeneration of the entire culture was very infrequent.
Light microscopy of epon-embedded material showed that infected cultures lost their organotypic appearance after about 2 weeks postinoculation. Neurons, myelin, and oligodendroglia became increasingly difficult to locate after this time. Oligodendroglia and myelinated axons began to degenerate after about 7 DPI and were rare after 10 DPI. An occasional neuron (granule cell or Purkinje cell) persisted for more than 28 DPI. After this time, the explants consisted exclusively of fibrous astrocytes (Fig. 3) , some of which contained intracytoplasmic and intranuclear viral inclusions (Fig. 4 and 5 ). An occasional syncytium was not uncommon in sections from long-term-infected explants (Fig. 6) .
Electron microscopy showed that while most fibrous astrocytes in chronically infected cultures frequently displayed an abundance offilaments (Fig. 7) , some also had unusually large numbers of 24-nm microtubules (Fig. 8) . Viral inclusions were not found before 11 DPI, where they occurred mainly in astrocytes. They were most frequent after 28 DPI. As was the case in pellets of IP-3-Ca cells, intracytoplasmic nucleocapsids were less heavily coated with granular material (Fig. 9 and 10 ) than those typical of measles and several SSPE virus strains (6, 14, 17) . Intranuclear inclusions were invariably composed of the usual smooth nucleocapsids loosely scattered in a spherical, Cowdry type A inclusion body (Fig. 11) . At higher magnification, they appeared smooth, tubular and crossstriated (Fig. 12) . The paracrystalline arrays seen in the pelleted IP-3-Ca cells were never seen in the IP-3-Ca-infected CNS tissue. Budding virus or plasmalemmal changes attributable to viral infection were never observed.
Control cultures with BSC-1 cells to inoculate hamster CNS tissue were observed concurrently with the above experiments. No changes were observed unless at least 100 times more BSC-1 cells than IP-3-Ca cells were used as inoculum.
(iii) Virus rescue. The overlay of uninfected BSC-1 cells onto IP-3-Ca cell-inoculated hamster cerebellum cultures did not appear to affect the course of the original IP-3-Ca infection. There was no evidence of altered CPE, changes in the time course of the infection, or other observable variation regardless of the number of cells used in the overlay. Cultures were observed for 46 days and were harvested twice a week. Viral assays confirmed that infectious virus was not released as a result of the addition of BSC-1 cells to the IP-3-Ca cell-inoculated hamster CNS cultures.
The overlay onto BSC-1 monolayers of hamster cerebellar cells, inoculated 3 to 14 days previously with IP-3-Ca cells and containing measles-like viral nucleocapsid, caused extensive CPE and eventual destruction of the BSC-1 cell monolayers by 10 DPI. Assays of the BSC-1 cells and their supernatants showed that infectious virus was not synthesized after the inoculation of IP-3-Ca nucleocapsid-containing hamster cerebellar cells. With each rescue attempt, an occasional sample yielded infectious virus (1 x 102 PFU/ml), but the actual cell type from which the virus was rescued could not be determined. DISCUSSION The IP-3-Ca cells line which is persistently infected by a measles-like agent isolated from an SSPE brain biopsy has been selected and studied as a model system paralleling, in many regards, human SSPE. Previous studies on SSPE brain and lymph node biopsies have usually revealed the presence of measles-like intracytoplasmic and intranuclear nucleocapsid and have failed to yield infectious virus except after cocultivation with non-neural cell lines (4,8,9, 10,12,13). Regardless of manipulation, the IP-3-Ca cell line did not produce infectious virus and budding virus particles were never observed. affected. Furthermore, the transfer of IP-3-Ca nucleocapsid to hamster CNS cells caused damage and destruction to those cells, constituting, in effect, "infection." The cell-to-cell spread of viral nucleocapsid in the absence of budding, coupled with damage to nervous tissue, appears to parallel closely the situation during SSPE in man and is a feature common to both the reported cell-associated SSPE agents (3, 5) . The loss of myelin, neurons, and oligodendroglia, and the reduction of the organized CNS tissue to a fibrous mass of astrocytes, was a pattern similar to that seen with the Edmonston strain of measles virus (7, 15) , and a more severe change than that produced by several of the cell-free SSPE viruses (17, 19) .
The mechanism by which measles-like nucleocapsid was transfered from cell to cell was not delineated by the present study. The lack of detectable replication may be related to the fact that IP-3-Ca intracytoplasmic nucleocapsids were often deficient in the diffuse, granular coating typical of measles and the cell-free SSPE viruses in cultured CNS (15, 17, 19) . This may represent the morphological expression of a defective measles virus, deficient in a virusspecific protein and related to an altered or incomplete viral genome. This morphological observation confirms that reported by DuboisDalcq et al. with another cell-associated SSPE agent (6) and contrasts with other studies by us on wild-type measles and other cell-free SSPE strains (7, 15, 16, 17, 18, 19) .
In light of the events occurring during acute measles encephalitis, human SSPE, and experimental situations such as that described here, it appears that there may be several mechanisms by which measles virus can become disseminated. An acute cytolytic infection involving a cell-free, neurovirulent strain capable of passing freely from cell to cell by means of active replication from the cell membrane is the mode of transfer in acute measles encephalitis (1) . Another mechanism may involve infection by a less neurovirulent species, a variant of measles, where the total genome can be rescued from brain or lymph node tissues as cell-free, infectious virus only after cocultivation with a permissive cell line (4, 8, 9) . A third mode of viral transfer might involve infection and the spread of a defective measles virus where a partial or incomplete viral genome is transmitted from cell to cell, causing CPE, but without release of infectious virus (3, 5) .
With regard to the spread of infection from IP-3-Ca cells to hamster CNS, our results would probably exclude the first mechanism, since infectious virus was not recoverable and budding viral particles were never observed.
Both of these would be expected in an acute, cytolytic infection. In addition, this study confirmed previous observations (3, 18) that the IP-3-Ca cell line will, very infrequently, undergo a spontaneous degeneration from which it can recover. Viral assays made at these times failed to detect infectious virus.
It may well be that the second and third proposed mechanisms might be operating simultaneously in the present system. On rare occasions, very low titers of infectious virus could be recovered. The observed passage of viral nucleocapsid from IP-3-Ca cells to the upper layers of hamster cerebellum, eventually reaching the deeper layers of cerebellar explants in large quantities, would suggest that synthesis of viral material does occur in CNS tissue and that this material is transferred from cell to cell in the absence of budding viral particles. However, one should consider the possibility that the plaque assay used was not sufficiently sensitive to detect small amounts of infectious virus.
In man, an SSPE agent may be maintained as a chronic infection by a combination of the second and third proposed mechanisms of viral transfer. The occasional release of infectious, cell-free virus from SSPE patients would be analogous to the results reported above and low levels of virus in circulating leukocytes might account for the high antibody titers reported in SSPE patients. Viral nucleocapsid which remains intracellular may spread from cell to cell as subviral particles. Therefore, in human SSPE, a combination of a less neurovirulent measles-like virus and a defective measles-like variant may account for the observations previously reported. Either or both variants could produce neurological symptoms, but the immune mechanisms may favor the selection of the defective variant. Notkins has proposed several immune mechanism which could be involved in controlling the spread of viral infections which may be complementary to those modes of viral transfer suggested here (11) .
The concept of multiple mechanisms operating during SSPE suggests that latency depends more upon the nature of the infectious agent than on the host CNS. Based on the present data, the transfer of replicating, subviral material capable of causing damage to CNS tissue must be considered in the study of certain chronic CNS diseases thought to have a viral etiology. 
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